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LAKE WATER GEOCHEMISTRY OF TWO GEO
LOGICALLY CONTRASTED AREAS IN KUUSAMO,
NORTH-EASTERN FINLAND
Risto Piispanen1)& Urpo My11ymaa2
PIISPANEN, R. & MYLLYMAA, U. 1982. Lake water geochemistry of two
geologically contrasted areas in Kuusamo, North-eastern Finland. Pubii
cations of the Water Research Institute, National Board of Waters, Finland,
No. 49.
Metal (Ca, Mg, K, Na,2Fe Mn) compositions of water in 48 lakes ofmoder
ate size (0.5—0.99 km ) have been studied from two geologically contrasted
drainage basins (the lijoki and the Koutajoki systems) in Kuusamo North
eastern Finland. The lake waters within the lijoki drainage area, which
coincides with the Presvecokarelian basement complex (southern part of
the area), carry less Ca and Mg and have lower pH, conductivity and aika
linity compared with the lake waters of the northern part of the area (the
Koutajoki drainage basin) where the bedrock is composed mainly of rocks
that belong to the Karelian formations. In the northern part the lake waters
are rich in Ca (i = 8.2 nig and Mg (c = 2.6 mg f1. This is obviously due to
the existence of sedimentogeneous calcareous schists and carbonate albitites
and spilitic carbonate veins in the substratum. On the basis of a test the
differences between the drainage basins can be regarded as statistically vety
significant (p <0.001) as to alkalinity and pH. The Koutajoki values for Ca
and Mg are high, but those for K, Na and Fe low compared with Finnish
lake waters in general. The contents of Ca and Mg are however lower than
those of the world mean lake and river waters. Those of the lijoki basin are
nearly the saine as the corresponding values in Norway, North Sweden and
north-western USSR.
Index words:Lake,lake water, lake watergeochemistry.
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1. INTRODUCTION
The study of the chemical composition of the
Finnish lake waters has been primarily under
taken during the 1960’s and 1970’s by the Water
Administration. Such studies do not normally
focus on the inter-relationship of the quality of
the water and the nature of the local bedrock
although such a relationship frequently exists
in the case of groundwater (Laakso 1966,
Lahermo 1970, 1971, Hyyppä 1973, Hartikainen
1976, Rönkä et al. 1980).
1) Department of Geology, University of Oulu
2) Water District Office of Oulu
So far the study of lake water geochemistry
in Finland has in general comprised only the
most abundant cations (Ca, Mg, Fe, Mn, K and
Na). In future, it is hoped to cover even the
so-called heavy metals the study of which has
led to promising results from the point of view
of exploration geochemistry elsewhere in the
world (Chisholm 1950, Kleinkopf 1960,
MacDonald 1969, Cameron 1976, 1977).
It is the purpose of the present writers to
draw attention to the question of the relation
ships between the chemical composition of lake
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water and the underlying bedrock. As an
example two sub-areas from the Kuusamo area
(Fig. 1) in north-eastern Finland are compared
where geological mapping has been carried out
and where the composition of the lake waters
has been studied (Heinonen and Myllymaa
1974, Myllymaa 1978, Myllymaa and Ylitolonen
1980).
The chemical composition of lake water is
a complicated and variable matter. The com
position is subject to changes due to seasonal
and diurnal variations and even to variations in
the biological activity in the water. In the present
paper the study focuses on the composition of
lake water samples representing the winter
stagnation period. En order to guarantee uni
formness, ali the sampies dealt with in this paper
were taken from the hypolimnion 1 meter (in
shallow lakes 0.5 m) above the bottom of the
lake.
The total area occupied by lakes in Kuusamo
is 768 km2, which represents 13.9 per cent of
the total area of the Kuusamo commune. There
are 94 lakes within the area which are larger
than 1 km2 in surface area and 87 lakes the
area of which lies between 0.50—0.99 km2
(Myllymaa and Ylitolonen 1980).
The waters form the lakes and rivers of the
Kuusamo area (Fig. 1) drain mainly to three
different drainage basins (Fig. 2). The southern
part of the area belongs to the lijoki catchment
(1; Fig. 2), the waters of which drain to the
west towards the Bothnian Bay. The northern
part of the area is part of the Koutajoki drainage
basin (II; Fig. 2) where the waters flow towards
the east across the national boundary and finally
Fig. 1. Location of the area of study. The boundaries
of the study area follow the boundaries of the Kuusamo
commune.
28°30
Fig. 2. Study area with the Iocation and names of the
lakes investigated. The drainage basins (broken line) are
marked with symbols (1 = lijoki, 11 = Koutajoki and
III = Kemjoki). The geological boundary between
the Presvecokarclidic basement gneiss complex and
the Karclidic beit (contifluous line) is also given. The
boundary has been drawn on the basis of the geo
Iogical maps of Hackman and Wilkman (1925), Pjis
panen (1972) and Silvennoinen (1973). The name of
the lakes are on page 75 (Appendtx 1).
5 128302843C—13
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to the White Sea. These two basins were selected
for the present study. Between the lijoki and the
Koutajoki catchments there is a third drainage
basin (III; Fig. 2), that of the Kemjoki which
also flows to the east. Because of its intermediate
geographicai position between the other two
more clearly contrasted drainage basins the
Kemjoki system has been omitted from the
present study.
The Kuusamo district is welI suited for a
study of lake water geochemistry because the
area is rich in lakes, a large number of the lakes
of northern Ostrobothnia being situated in the
Kuusamo area. The area is also suitable for a
comparison of the lake water composition bet
ween two sub-areas because the bedrock within
the two parts of the area clearly differ from
each other.
2. STUDY AREA
The area of study comprises the greatest part
of the Kuusamo commune. The location of the
area is shown in Fig. 1. The boundaries of the
area are shown in more detail in Fig. 2 which
also gives the location and names of the lakes
investigated.
2.1. Geological setting
The general geology of the area has earlier
been described by Piispanen (1972 and 1978)
and Silvennoinen (1972). Therefore only the
outlines of the geological setting are related
here. Lithologically and geologically the southern
and northern part of the Kuusamo area differ
frorn each other fundamentally thus paving the
way for a comparison of the lake water geo
chemistry in the two contrasted river basins.
The southern part of the area belongs tp the
Archaean Presvekokarelidic basement gneiss
complex of eastern Finland. The complex is
dominated by felsic rocks the age of which is
more than 2.5 Ga. The main deformation of
the area took place 2.7 —2.810 years ago
(Simonen 1980). Petrographically the rocks of
the basement complex consist mainly of
migmatitic and other silicic rocks. Throndhje
mitic, granodioritic and granitic gneisses are
the most common. Next to these there are
subparallel diabase dikes, which occur as swarms
and are occasionally rather common. The dikes
vary in width from 1 to 20 meters and their
length is from tens of meters to 2—3 kilometers.
The northern parts of the area belong to the
Karelidic belt of eastern and northern Finland
(Simonen 1980). Conglomerates, quartzites,
slates and mica schists abound among the sedi
mentogeneous rocks of the belt. Occasional
dolomitic and calcitic limestones are also en
countered. Between the sedimentogeneous chists
of the area there are numerous silis, dikes, lava
beds and shallow intrusions of spilitic rocks and
low-grade greenschists.
2.2 Physiography of the area
Physiographically the area is relatively strongly
elevated land, the highest peaks of the hilis
rising to a height of approximately 400 m. In the
southern part there are large areas of mire,
but mires are less frequent in the northern
part. This obviously enhances the composition
of the lake waters in the southern part, that is
the lijoki river basin, as will be discussed later.
The Iocalization and the form of the lakes
within the area are mainly regulated by the
tectonics of the bedrock in the northern part of
the area and by the glacial fluting and bedrock
geology in the southern part of the area. ln the
south the lakes are mainly parallel or subparallel,
elongated and narrow and situated between the
glacigenic drumlins (Aario et al. 1974, Aario and
Forsström 1979) with their longest axes Iying
WNE-ESE which is parallel to the direction of
the dominant continental ice-sheet movements
during the last glaciation. In the northern part,
the form of the lakes is not as regular and also
the direction of elongation varies. This is because
the structure of the bedrock regulates the form
and localization of the lakes in the northern part.
3. MATERIAL AND METHODS
The material for this study was collected in
association with the activities of the National
Board of Waters. Work was started in the Kuu
samo area in 1973 (Heinonen and Myllymaa
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1974). The investigations are directed towards
a primary elucidation of the state of the waters,
which can later be used as a reference against
which possible future changes can be compared.
The large lakes ( >1 km2) of the area were stud
ied first and the results of that study were pub
lished by Heinonen and Myllymaa (1974). In
1977 the investigations were continued (Mylly-
maa and Ylitolonen 1980), and this time lakes
with an area varying between 0.50 and 0.99 km2
were scrutinized.
Analysis of the water sampies has been carried
out in the laboratories of the Water District
Office of Oulu and the National Board of Waters
in Helsinki. The methods used were those de
scribed by Erkomaa and Mäkinen (1975), and are
mainly based on the standards set by the 1NSTA
12 comn-iittee. The statistical significances of
the differences in the geochemical properties of
the waters in the two contrasted parts of the
study area have been studied using the t test.
4. RESULTS AND CONCLUSIONS
The results with the statistical significances
are given in Tabies 1 and 2. A comparison of
the two contrasted sub-areas has also been made
on the basis of frequency histograms (Figs. 3 and
4) of a few cations (Ca, Mg, Fe and Mn) and the
alkalinity of the lijoki and the Koutajoki drain
age basins, and by plotting a few pairs of cations
(Ca/Mg, K/Na and Fe/Mn) on scatter diagrams
(Figs. 5 and 6).
When compared with the average river and
lake water compositions (Table 3) given by
Laaksonen (1972), Saibu et al. (1979),
Landström and Wenner (1965), Zverev (1971)
and Livingstone (1963) it is seen that the
amounts of the electrolytes in the lake water of
Kuusamo are nearly the same as in Finland in
general and also nearly the same as in Scandi
navian river basins and the river basins of the
Barentsev and the White Sea areas. Exceptional
are calcium and magnesium in the Koutajoki
System which show higher values when com
pared with the most other areas in Finland.
Due to the lack of precise data for the average
composition of world lake water, a giobal com
parison has been made with reference to the
Table 2. Average values and statistical significances
(p (0.05) of the differences of the water properties
between the lijoki and the Koutajoki river basins in
the winter hypolimnion. The differences are given as
percentage from the first values.
Average values Difference
lijoki Koutajoki % p
02 sat.% 62 69 11 -
Turbidity FTU 1.4 0.8 43
-
Conductivity mSm 5.3 7.6 43
-
Alkalinity rnmol 0.32 0.57 78 <0.001
pH 6.7 7.C 4 <0.001
Colour mgl Pt 43 23 47 <0.01
COD mgf1 02 6.0 4.3 28 <0.01
N 391 321 18
-
P #gf1 10 9 10
-
Fe 716 133 81 <0.05
Mn zgf1 68 48 29
-
Na mgF 2.0 1.3 35
-
K mgf 0.8 0.9 13 -
Ca mgf 4.6 8.2 78 <0.05
Mg mgf1 1.4 2.6 86 <0.05
Table 3. Comparison of elemental concentrations (mg f1) in the lijoki (1) and the Koutajoki (2) river basinswith thehypolimnic lake waters (3) and the river waters (4) of Finland (Laaksonen 1972), the Norwegian rivers (5; Saibu
et al. 1979). rivers of North Sweden (6; Landström and Wenner 1965), the river basins of the Barentsev and theWhite Sea (7; Zverev 1971) and the average river water of the world (8; Livingstone 1963). } means the average ofNa and K concentrations. - means that the minimuni is not given.
.. means that the value is not given.
1 2 3 4 5 6 7 8
Ca 4.6 8.2 5.2 6.4 4.5 3.3—5.5 10.3 15.0Mg 1.4 2.6 1.7 2.2 0.67
—0.6 1.2 4.1Na 2.0 1.3 3.4 6.0 1.41 1.0—1.4
1.3 2.7
K 0.8 0.9 1.3 1.8 0.62 —0.4
Fe 0716 0.133 1.8 1.1 0.171 0.10—0.38 .. 0.67Mn 0.068 0.048
..
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Fig. 3. A comparison of the frequency distributions of alkalinity, calcium and Mg in the lakes of
the lijoki and the Koutajnki river basins.
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1200 pgL1
Fig. 4. A comparison of the frequency distribution of iron and manganeae in the lakes of
the lijoki and the Koutajoki river basins.
average composition of world river water, which
is closely related to lake water as reported by
Livingstone (1963, p. 641). The calcium and
magnesium contents of the lake water of Kuusa
mo are however lower, being about 30—50 %
from the world average. The difference can
perhaps be explained by the cold climate and the
young age of the surficial deposists within the
area.
The differences between the areas under
comparison are marked and statistically vety
significant (p<O.00l; Table 2) as far as alkalinity
and pH are concerned. The differences in colour
and chemical oxygen demand are significant
(p <0.01) and those of iron, calcium and mag
nesium are nearly significant (p <0.05). The dif
ferences in the amount of calcium and mag
nesium are obviously due to the existence of
sedimentogeneous limestones and dolomites as
well as the occurrence of magmatic carbonate
bearing veins associated with the spilitic rocks
within the northern part ‘of the Kuusamo area
(Piispanen 1972). These sources of calcium and
magnesium are lacking in the southern part of



























































Fig. 5. Scatter diagrams for Ca vs. Mg and K vs. Na
for the lake waters of the lijoki and the Koutajoki
river basins.
the area. The differences in alkalinity and pH
can be explained as secondary ones based on the
primary cause, which is the variation in calcium
and magnesium. A positive correlation between
these variabies is common in lake waters (Mylly
maa and Ylitolonen 1980). The differences in
iron and possibly in manganese (not signifi
cantly) also reflect the differing nature of the
bedrock between the areas and differences in
oxygen contents near the bottom. The com
monness of peatlands affects the acidity, colour,
COD-values and the oxygen content of the lake
waters of the southern parts.
On the scatter diagrams (Figs. 5 and 6) the
differences between the two sub-areas are also
seen in the pattern of the distribution of the
points in the Fe vs. Mn and the Na vs. K plots.
The Ca/Mg-relation (Table 1), even if the
absolute amounts of Ca and Mg differ markedly




























































Fig. 6. Scatter diagrams for Fe vs. Mn for the lake
water of the lijoki and the Koutajoki river basins.
The highest values are outside of the figure.
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(3.4.—3.5) for both the areas under comparison.
This fact can be explained in a number of ways.
Firstly, because the existence of limestone and
dolomite deposits in the basement complex can
be ruled out, the calcium and magnesium in the
water within the basement area must obviously
be derived from the dissolution of the basic
rocks (Lahermo 1970), viz. the diabases which
are fairly common in the basement complex.
Another, though unlikely, explanation is an
abundance of limestone and dolomite material
in the glacial till that would have been trans
ported from the schist belt on the basement.
5. SUMMARY
The geochemistry of lake water has been com
pared for 48 lakes from two river basins that
differ geologically from each other. Both of the
river basins under comparison are situated
within the Kuusamo area in north-eastern Fin
land. The substratum of the northernmost
drainage basin, the Koutajoki system, is com
prised of Karelidic rocks among which
conglomerates, quartzites, slates, dolomites,
limestones, greenschists and spilitic rocks are
common. Within the southern area, the lijoki
drainage basin, felsic rocks such as migmatites
and trondhjemitic, granodioritic, and granitic
gneisses are common. In addition, diabase dikes
form an essential part of the bedrock in the
southern part of the area.
The average of the water properties in the
two contrasted sub-areas differ from each other
to a degree that is statistically very significant as
to alkalinity and pH and significant as to colour
and chemical oxygen demand. The differences
in the contents of iron, calcium and magnesium
are nearly significant. The differences are ac
counted for by the differences in the nature of
the substratum. The high calcium and magnesium
contents of the Koutajoki area result from
dissolution of limestones, dolomites and spilitic
carbonate-albite rocks and carbonate veins in
the substratum. Within the lijoki area these
rocks are lacking. On the other hand, the Ca/
Mg-relation is the same for the lijoki area which
indicates that, even here the water has gained
Ca and Mg through the dissolution of basic
diabases.
An overall comparison with the average
giobal lake and river waters shows that the
lake waters in Kuusamo are poorer in calcium
and magnesium. In the river basins of Norway
and North Sweden the contents are nearly the
same as in the lakes of the lijoki System. The
calcium contents of the Koutajoki System are
almost as high as those in the north-eastern
USSR in the river basins of the Barentsev and
the White Sea.
Compared with Finnish river and lake waters
outside Kuusamo the values are lower in Kuusa
mo as regards sodium, potassium and iron. On
the other hand calcium and magnesium are
relatively high in the Koutajoki river basin.
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LOPPUTIIVISTELMA
Tässä tutkimuksessa on vertailtu järvien talvisen
alusveden geokemiallisia ominaisuuksia kahdella
kallioperältään olennaisesti toisistaan poikkea
valla vesistöalueella Kuusamossa. Tutkimukseen
sisältyi lijoen vesistöalueelta 26 ja Koutajoen
vesistöalueelta 22 0.50—0.99 km2 suuruista
järveä. Vesistöalueiden vesien alkaliniteetin ja
pH:n keskiarvot poikkeavat toisistaan tilastolli
sesti erittäin merkitsevästi (p < 0.001), väri ja
COD merkitsevästi (p < 0.01). Kalsiumin ja
Risto Piispanen, Urpo Myllymaa
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magnesiumin erojen (p <0.05) voidaan katsoa
johtuvan kallioperän laatueroista. Väriä, kemial
lista hapentarvetta ja rautapitoisuutta määrää
oleellisesti soista huuhtoutuva humus. Hapen
vajaus pohjan lähellä vapauttaa veteen rautaa ja
m angaania.
Koutajoen vesistöalueen pääosa kuuluu Kuu
samon pitäjän pohjoisosan muodostavan karja
laisen liuskejakson piiriin kun taas Kuusamon
pitäjän eteläosissa oleva lijoen vesistöalueen osa
kuuluu geologisesti Itä-Suomen presvekokarjalai
sen pohjagneissikompleksin lu onnehtimaan alu
eeseen. Koutajoen alueella kvartsiitit, kiille
liuskeet, fylliitit, konglomeraatit, kalkkikivet,
dolomiitit, vihreäkivet ja spiliittiset laavakivet
sekä puolipinnalliset kivet Ovat yleisiä. Vesien
korkean kalsiumpitoisuuden voidaan katsoa joh
tuvan kallioperän kalkkikivistä ja spiliittisistä
karbonaattijuonista joko suoraan tai maaperään
joutumisen jälkeen liuenneista aineksista. lijoen
vesistöalueelta edelliset kivilajit puuttuvat. Sen
sijaan siellä ovat yleisiä migmatiittiset, trondhje
miittiset, granodioriittiset ja graniittiset gneissit
sekä diabaasijuonet. Diabaasijuonten merkitys
tulee näkyviin vesissä siten, että vaikka kalsium
pitoisuus vesissä on alhainen, säilyy Ca/M’g-suhde
samana kuin Koutajoen alueella. Tämän voi kat
soa johtuvan emäksisen kiven rapautumisen yh
teydessä vapautuvien kalsiumin ja magnesiumin
joutumisesta veteen.
Kalsium- ja magnesiumpitoisuudet Kuusamon
vesissä ovat alhaisemmat kuin maapallon järvi
vesissä yleensä. Suomen muihin vesistöihin ver
rattaessa ovat natriumin, raudan ja kaliumin pi
toisuudet pienempiä Kuusamossa, mutta kalsiu
min ja magnesiumin pitoisuudet ovat Koutajoen
vesistöalueella suuremmat kuin Suomessa yleen
sa.
Norjassa ja Pohjois-Ruotsissa jokivesien elek
trolyyttipitoisuudet ovat samaa luokkaa kuin
Kuusamossa. Koutajoen vesistöalueen kalsium- ja
magnesiumpitoisuudet ovat kuitenkin suuremmat
ja kalsiumin pitoisuus samaa luokkaa kuin Neu
vostoliiton luoteisosassa Barentsin- ja Vienan
meren vesistöalueilla.
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